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Abstract 
For CO2 absorption purposes, monoethanolamine, diglycolamine and potassium glycinate are chosen from a range of washing 
solutions. Afterwards they are compared regarding degradation through the presence of the flue gas components oxygen, sulfur 
dioxide und nitrogen oxide. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
Currently, the separation of carbon dioxide using amine based wash agents in an aqueous solution appears to be the 
only shortly feasible and commercially applicable means of separating CO2 from the flue gas of coal-fired power 
plants. Although post combustion decarbonization is done at the cold end of the power plant, that means after flue 
gas cleaning, there are still impurities in the gas that can harm the absorption liquid. An average flue gas contains 6 
vol.-% oxygen and at least 100 mg/Nm3 of each sulfur dioxide and nitrogen oxide. Susceptibility of primary amines 
to oxygen and salinization with the acid formers sulfur dioxide and nitrogen oxides are major disadvantages in 
carrying over the CO2 scrubbing method which is used since decades in petrochemistry to flue gas applications. The 
focus of this work is  
• to select promising CO2 washing solutions  
and to investigate 
• the reaction with oxygen and the formation of resulting degradation products, 
• the formation of salts due to the reaction with sulfur dioxide and nitrogen oxide. 
 
While CO2-scrubbing using amines is considered to be state-of-the-art in petrochemical industry, the use of 
amino acid salts can not be addressed to be a state-of-the-art process. In recent years amino acid salts have been 
discovered to be advantageous for flue gas applications because they react following the same reaction mechanism 
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as primary amines while they are more resistant to the oxidizing flue gas components. 
2. Theory of Degradation Mechanisms 
The boundary between the different types of degradation is blurred and may be defined different by other authors. 
Oxidative degradation as well as salt formation are kinds of degradation that only occur in flue gas applications and 
therefore these reactions have to be considered in detail. 
2.1. Oxidative Degradation 
Due to the presence of oxygen in the flue gas, amines may be degraded by the overall reaction [1] 
 
amine + nO2 NH3 + various degradation products.      (1) 
 
Ammonia is a frequent degradation product which originates from the amino group. Since it indicates the 
degradation of the amine in a 1:1 stochiometry it is an indication of the overall degradation. Further degradation 
products may be organic acids (formic acid, acetic acid, etc.), aldehydes and CO2. The ions resulting from organic 
acids are also referred to as Heat Stable Salts (HSS). Oxidative degradation is irreversible, that means that 
degradation products must be removed from the process and new amine must be supplied. 
2.2. Salt Formation 
Flue gases contain the acidifiers SO2 and NO/NO2. These components can form inorganic acids in aqueous solution. 
Furthermore amine salts may form in an acid-base reaction: 
 
 RNH2 + HA  RNH3+ + A-        (2) 
Here A indicates one of the anions nitrite, nitrate, ½ sulfite or ½ sulfate. In contrast to the heat stable salts of the 
oxidative degradation the salt formation can be reversed. Liberation of the amine is performed in the reclaimer by 
addition of NaOH or Na2CO3: 
 
RNH3+ + NaOH  RNH2 + H2O + Na+       (3) 
RNH3+ + Na2NCO3  RNH2 + NaHCO3 + Na+       (4)  
RNH3+ + NaHCO3  RNH2 + CO2 + H2O + Na+       (5)  
 
2.3. Thermal Degradation 
Two types of thermal degradation can be distinguished. First, thermal degradation describes thermal decomposition 
that occurs at temperatures > 200°C. In industrial absorption-desorption cycles the highest temeratures present are in 
the desorption column (120°C) and in the reclaimer (up to 190°C). Since in large plants heating power is provided 
by steam with T=10°C higher temperatures do not need to be considered. In small plants however, if heat is 
provided directly by electrical heating elements, local temperature peaks > 200°C may occur. 
Secondly, thermal degradation comprises numerous reactions that are accelerated by higher temperatures. In the 
presence of CO2 MEA degrades irreversible to N-(2-hydroxyethyl)-ethylendiamin (HEED) while DGA preferably 
forms reversible bis(hydroxyethoxyethyl)Urea (BHEEU). [2] 
2.4. Carbamate Polymerization 
Amines may form polyamines in the presence of CO2 and at high temperatures. In contrast to thermal degradation 
this means the formation of chains with identical or different monomers. [4]  
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3. Experimental Section 
3.1. Preselection 
In the first experiment a screening of multiple washing solutions regarding CO2 absorptivity is performed. This 
screening covers monoethanolamine (MEA), diglycolamine (DGA), diethanolamine (DEA), 2-amino-2-methyl-1-
propanol (AMP), methyldiethanolamine (MDEA), potassium sarcosinate, potassium glycinate and blends of 
methyldiethanolamine with monoethanolamine. A sample of 60 g of each solution is sparged with a 15% CO2 gas in 
a bubble column and the outlet concentration of CO2 in the gas is measured. From the concentration-time data the 
absorbed amount of CO2 can be calculated (Figure 1). 
The aqueous solutions of DEA and AMP are bared from further experiments due to foaming. Also, the mixture of 
MDEA+MEA will not be considered because in spite of the large overall molar concentration (3,3 mol/l) the 
capacity disappoints.  
In order to investigate the cyclic capacity, MEA, DGA and the amino acid salts are heated up to their boiling 
point to be regenerated at this temperature for 15 (MEA, DGA) respectively 30 (amino acid salts) minutes, 
afterwards  the washing solutions are loaded with CO2 again. Both primary amines MEA and DGA as well as 
potassium glycinate are chosen for degradation experiments, while potassium sarcosinate is excluded due to its low 
regenerating capability.  
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Figure 1: Screening of washing solutions regarding CO2-absorptivity and reapplied use of selected solutions. 
3.2. Oxidative Degradation 
In the second experiment oxidative degradation is investigated. Due to the overall chemistry of degradation 
(equation 1) it was decided that ammonia must be quantified because it is the key degradation product which 
indicates in a 1:1 stoichiometry the loss of amine. 
The experimental setup consists of a sealed vessel containing just oxygen as gas phase (90 ml) and a 50 % by 
weight solution (135 ml) of the amine, i.e. MEA 8,2 mol/l, DGA 4,7 mol/l and K-Glycinate 4,4 mol/l. In order to 
eliminate the influence of physical absorption the washing liquid is saturated by sparging oxygen through the 
solution. The valves of the vessel are closed so that reaction of oxygen with the solution leads to a pressure decline. 
This pressure decline over time indicates the progress of degradation. The experiment is performed for each amine 
and different times of reaction. The amount of oxygen used up by the reaction can easily be calculated using the 
ideal gas law. Detection of NH3 is performed by the method of Hach-Lange LCK 303; prior to the detection the 
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ammonia is separated from the amine by stripping it into a separate flask. This is required since the amine itself may 
affect the analysis. As a further degradation product it was decided to quantify the amount of formaldehyde by use 
of the Hantzsch-method [3].  
3.3. Salt Formation 
In order to investigate the formation of heat stable salts a gas mixture containing nitrogen, oxygen (2,5-10 % by 
volume) and 1000 ppm of either sulfur dioxide or nitrogen oxide is sparged (60 l/h) through 60 g of a 5 % by weight 
amine solution. Afterwards quantification of the formed salts of nitrite, nitrate and the sum of sulfite/sulfate is 
accomplished with the method of Hach-Lange LCK 153 (40-150 mg/l SOx2-), LCK 353 (150-900 mg/l SOx2-), LCK 
341 (NO2-, 0,05-2,0 mg/l) and LCK 339 (NO3-, 1-60 mg/l). 
 
4. Results and Discussion 
4.1. Oxidative Degradation 
The total findings of ammonia over time are displayed in figure 1. It is apparent, that the degradation of MEA and 
potassium glycinate yields an almost equimolar relation between the oxygen used up and ammonia produced. For 
DGA this relation is about three.  
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Figure 2: Amount of substances of degradation products for MEA (left), DGA (middle) and potassium glycinate (right). 
In order to perform an equitable comparison, not only the molar degradation rate, but also the CO2-capacity (figure 
1) of the amines has to be considered, so that finally the degradation is expressed as mol NH3 per liter of CO2 
absorbed. In table 1 the molar capacity, the molar degradation and the degradation per liter of absorbed CO2 is 
displayed. 
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Table 1: Determination of the molar capacity and molar degradation of the three amine solutions. 
 MEA DGA K-Glycinate 
mol Amin/l CO2 0,16 0,13 0,22 
mol NH3/mol Amin 0,018 0,0079 0,011 
mol NH3/l CO2 0,0029 0,0010 0,0024 
 
4.2. Salt Formation 
The result of the conversion of acid gases to their corresponding acids is displayed in Table 2. According to a 
conventional flue gas, the focus lies on the degradation at an oxygen concentration of 5 %. Referring to the amount 
of sulfur dioxide entering the solution the conversion to sulfite/sulfate is: 75 % (MEA), 77 % (DGA) and 72 % 
(potassium glycinate). The conversion of nitrogen oxide to its salts is much lower. The conversion to nitrite yields 
about 1 % for all three amines, the conversion to nitrate is slightly larger than 1 % for MEA and potassium glycinate 
while for DGA the analytical method is not applicable. By changing the oxygen concentration to 2,5 % or 10 %, 
also the percentage of conversion changes. For the conversion of sulfur dioxide a change of 5-10 %-points is 
observed, while for the conversion of nitrogen oxide the conversion changes in the range of 0,1-1 %-points. 
 
Table 2: Conversion of SO2 and NO to their salts in %. 
 % O2 2,5 5 10 
MEA SO2 sulfate 68 75 80 
DGA SO2 sulfate 73 77 82 
K-Glycinate SO2 sulfate 60 72 79 
MEA NO  nitrite 0,4 0,8 1,2 
MEA NO  nitrate 0,6 1,2 1,6 
DGA NO  nitrite 1,0 1,1 1,6 
DGA NO  nitrate - - - 
K-Glycinate NO  nitrite 0,7 1,0 1,5 
K-Glycinate NO  nitrate 1,2 1,4 2,3 
 
5. Conclusion 
The oxidative degradation experiments show that the advantage of potassium glycinate (2,4 mmol NH3/mol CO2) 
compared to MEA (2,9 mmol NH3/mol CO2) is not as great as expected, since its low CO2-capacity requires a large 
amount of this amine. DGA seems to exhibit the least degradation, though it is not clear if the molecule may be 
degraded by oxygen without evolving NH3. 
The reaction of washing solutions with the acid gases SO2 and NO is similar for all three amines. Although the 
amines that are disabled for absorption due to formation of amine salts by equation (2) can be regained in the 
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reclaimer (equations 3-5) it has to be considered that the reclaim process consumes energy that affects the efficiency 
of the power plant. Moreover, the salts do still exist as sodium salts that have to be disposed. 
The experiments show, that all amines deserve further investigation. In doing so an investigation not only of  a 
limited class of substances but preferably by using real flue gas in a cyclic process will lead to definite findings. 
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